Helioferins A and B were detected as novel aminolipopeptides in cultures of Mycogonerosea DSM 8822 in the course of a screening for mediators of helianthate anion transfer from aqueous to toluene phases. Their structures as novel antibiotics and cytotoxic agents were elucidated by mass spectrometry and NMRspectroscopic methods. Antimicrobial activity was estimated against Candida albicans and Gram-positive bacteria including Mycobacterium spp. are capable of conveying water-soluble dye anions such as helianthate (methylorange) from aqueous to toluene phases5). In screening for similar helianthate-conveying metabolites we used mycelium extracts of more than 300
Formation of lipophilic ion pairs with lipophilic
counter ions is well knownto enhance the penetration of hydrophilic drug ions through biological membranes and thus to alter their pharmacpkinetic properties1R ecently we have shown that macrodiolides carrying a dimethylamino function (see e.g. pamamycin-6212~4))
are capable of conveying water-soluble dye anions such as helianthate (methylorange) from aqueous to toluene phases5). In screening for similar helianthate-conveying metabolites we used mycelium extracts of more than 300
Streptomyces strains, but amongthem we detected only two new producers of pamamycins. Our subsequent efforts employing fungal extracts disclosed a strain of M. rosea as the producer of novel aminolipopeptide antibiotics which strongly promoted the transfer of watersoluble anions to organic solvents.
Here we report on screening, isolation, structure elucidation and biological properties of the helioferins A and B ( 
Results and Discussion
Screening for Anion-conveying Metabolites
The search for production of helianthate-conveying metabolites by more than 300 strains of Fungi Imperfecti was carried out by use of a modified two-phase assay as was described previously3) (see Experimental). Macherey & Nagel Diiren, column 25 x 250 mm; flow rate 10 ml/minute; detection at 210 nm) requires admixture of a tertiary amine to the eluent, preferably triethylamine (Fig. 3) . The physico-chemical properties of 1 and 2 are shown in Table 1 and C58H106N10O12 for 2 were readily inferred from the HRFAB mass spectra and elemental analysis. The peptidic nature of 1 and 2 suggested by Xmax 1660 and 3400cm"1 in the IR spectrum was confirmed by acidic hydrolysis. After derivatization with dabsyl chloride13) Ala, Pro, Aib (a-aminoisobutyric acid) and He were found in the ratio of 1 : 1 :3 :2 in the hydrolysates of both helioferins. As was confirmed by derivatization with l -fluoro-2,4-dinitrophenyl-5-L-alanine-amide (Mar- FABmass spectra of the helioferins using direct inlet system (Fig. 4) suggested the bonding sequence of the amino acids and the C-and N-terminal substituents.
However, additional proof for the proposed structure was required for reasons related to the backgroundlevel due to the NBAmatrix, the fragment ions resulting from B-type cleavages, and many C-terminal ions arising from several types of cleavage. A series of MS-MSexperiments using FABionisation and linked B/E-, MIKES(E)-scan, ES ionisation and MS-MS triple quadropol techniques provided full evidence of the sequence of amino acids in 1 and 2. As the result of these experiments, B-type fragmentation was predominant for N-terminal ions and all possible fragments from Bl to B9 were observed. The molecular composition of the N-terminal ions was finally determined by exact mass measurements using HRFAB-MS.
Conclusive evidence for the chemical constitution of helioferins 1 and 2 as depicted in Fig. 1 b AHMOD = 2-amino-4-methyl-6-hydroxy-8-oxo-decanoic acid. c AMAE= 2-[(2'-aminopropyl)-methylamino]-ethanol. d AAE = 2-(2/-aminopropyl)-aminoethanol. FEB. 1995 acid AHMOD (2-amino-4-methyl-6-hydroxy-8-oxo-wdecanoic acid) could be confirmed by COSY, NOESY, HMQC and HMBCspectra. For instance heteronuclear long range couplings were observed in the HMBC spectrum of2 between the ketone carbonyle of AHMOD at 3 213.2 and the two adjacent methylenes at 5 2.48 (9-CH2) and 5 2.51/2.57 (7-HJ,) (Fig. 6) . The structure of the N-terminus in 2 was elucidated by combining the two spin systems of this moiety (obtained by the COSY spectrum) due to 3/(C H) couplings between the N-CH3 at 8 2.29 and the methylene carbons at 3 59.3 and 63.1, respectively. Thus, the N-terminus was assigned as 2-[(2-aminopropyl)-methylamino]-ethanol (AMAE).
In the case of 1 a NHproton at 8 3.00 was present in this moiety instead of the N-CH3 group, leading to 2-(2-aminopropylamino)-ethanol (AAE) as N-terminus.
Accordingly the adjacent proton and carbon signals were shifted as expected1 7). The function of 2-methyloctanoic acid (MOA) as C-terminus was clearified because of the strong NOE crosspeak between 2-H of MOA(5 2.68) and 5-Ha/Hb of Pro (3 3.62/3.77) in the NOESYspectrum of 2. All heteronuclear long range couplings and nuclear Overhauser effects which are important for the connectivity of the individual amino acids are summarized in Fig. 6 . for2.
Biological Activities of the Helioferins
The helioferins A and B (as a natural 3 : 7 mixture or as single components) display strong antibacterial and antifungal activities, e.g. against a series of filamentous fungi and yeasts such as e.g. C. albicans (MIC 5//g/ml; Table 3 ). The antibacterial effect is mainly directed against Gram-positive bacteria and mycobacteria with essentially no activity vs. Gram-negative bacteria. Moreover, helioferins are toxic to chicken embryos at concentrations >0.5 mg/kg egg and cause hemolysis at concentrations > 100 /ig/ml. As was also demonstrated for the Ieucinostatins18~22), representatives of the same Macrolepiota sp. and was deposited in Deutsche Sammlung Mikroorganismen (DSM, Braunschweig/ FRG) with the accession number DSM8822 (Fig. 7) . Morphological characteristics of the anamorphe form are a mycelium rich in septations, hyaline hyphae of 5 to 7 fjxn. diameter, macroconidia of 23~33 pcm diameter, conidia with ellipsoid cylindrical shape. The strain forms aerial mycelium and conidia on malt agar (g/liter: malt extract 40, yeast extract 4, agar 15, deionized water). (AMDIntectra, Harpstedt, Germany) and a quadrupol mass spectrometer Quattro (Fisons, VG Biotech; Altrincham, U.K.). NMRmeasurements were carried out using a Bruker AMX600 instrument. NMR measurements were carried out using a Bruker AMX 600 spectrometer with 17 and 36mMsolutions of 1 and 2, respectively. NOESY spectra were measured in the phase sensitive mode (TIPPI) with a sweep width of 5494Hz in F2. The mixing time was 400ms, 256 experiments of 48 scans were recorded in Fl (zero-filled to 512 prior to Fourier transformation) with 2K Fig. 7 . Aerial mycelium and macroconidia ofM. rosea DSM8822 growing on malt extract agar (light micrograph, x 1500; stained by safranine) (in case the black/white photograph will be used instead of the colored ones, please note that amplification of the micrograph will be x 400!).
acquisition in F2. The HMBC spectrum was optimized for 2/3/CH=7Hz and a low pass J-filter was used to supress */-couplings. 256 experiments of 64 scans were sampled in Fl (zero filling to 512) with a 2K data acquisition in F2 (sweep width 4808 Hz).
Analysis of the Amino Acids Ten mg of the helioferins were hydrolysed by 10ml 6n HC1 for 24 hours at 120°C. The crude amino acids were derivatized by dabsylation. Separation was achived using a gradient of sodium acetate buffer (pH 6.5) and acetonitril14). However, Marfey's reagent13) was used to obtain the diasteromeric derivatives of chiral amino acids. These were subjected to HPLC(Lichrospher C18, 5/mi, 125x4mm, 40°C; elution by a gradient of triethylamine -H3PO4 (pH 3.0) and acetonitril14).
Cell Cultivation and Estimation of the Cytotoxic Properties Cytotoxicity was estimated after seeding 104 L1210 or L-929 cells in Eagle's minimum essential medium into 96-wells microplates (COSTAR)26). A helioferin stock solution (a 3 : 7 mixture of 1 and 2, 5 mg/ml ethanol) was diluted stepwise (1 : 2, 1 :4, 1 : 8, etc.) by culture medium to yield final antibiotic concentrations of >4/ig/ml.
Incubation occurred at 37°C for 48, 72 and 96 hours (5% CO2, humidified atmosphere). After fixation by glutaraldehyde, at the end of each experiment the cells were stained by methylene blue. Subsequently, the dye was dissolved by 0.33n HC1 in isopropanol (0.2ml) followed by a gentle washing procedure. Optical density was measured by a microplate reader (Dynatech 7000) at 630nmin single modusagainst one well containing solely the mediumbut stained in the same manner. The system (Scharpe System, Reutlingen, Germany).
Agar diffusion assay of antifungal activities: 60 ml of yeast morphology agar (Difco) inoculated by 5 x 106/ cells were used to obtain test plates of 130 mmdiameter. Samples were filled into 12 wells (9mm diameter) and the plates were breeded at 28°C for 20 hours.
